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Introduction. 

The  two  ohief  sources  of  the  worlds  supply 
of  nitrogen  are  the  Chilean  nitre  fields  and 
the  aramonia  compounds  from  the  Monds  process 
in  the  destructive  distillation  of  coal.  The 
latter  source  may  increase  rapidly  from  its 
present  production  of  1,500,000  tons  per  year 
"because  of  a  larger  demand  for  coke  due  to  the 
increasing  smoke  prevention  laws, The  Chilean 
export  in  1830  was  ahout  1,000  tons, In' 19 18 
it  reached  the  maximurri  of  3,250,000  tons  "be- 
cause of  the  greater  needs  "because  of  the  war. 
Geologists  have  figured  that  the  nitre  fields 
will  be  exhausted  in  a  decade. The  chemical  in- 
dustries require  larg-^  quanities  in  the  manu- 
facture of  nitric  acid  and  ammonia, A  much  great- 
er quanity  is  used  as  fer-^ilizer.Most  Plants 
are  unahle  to  ahsorh  the  fr-m    inart  molecular 
nitrogen  of  the  atrt-osphere  'out  can  utalize  it 
from  such  compounds  as  nitrates  and  ammonia. 
With  the  increased  norlds  population  and  there- 
by a  larger  demand  for  food  supplies, a  cheap 
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Introduction. 

and  more  abundant  production  must  "be  made  and 
with  the  gradual  exhaustion  of  the  nitre 
fields,  other  ways  rnur^t  be  devised  to  n^et 
this  emergency  than  the  two  mentioned. 

The  atmosphere  contains  20  per  cent  o^crgen 
79  of  nitrogen  by  yolurr.e  and  small  amounts  of 
other  gases.  It  is  estimated  that  ev^xy   square 
mile  of  the  earths  surface  supports  ?,0,ono,000 
and  the  entire  atmosphere  contains  about  t   4- 
000, 000, 000, Oee  tons  of  nitrogen.  So  ^ve  have 
unlimited  quanities  of  the  gas  but  in  the 
form  where  it  is  most  inactive  and  unavailable, 
It  remains  for  the  present  scientists  to  bring 
this  source  to  the  comrriercial  world. 

The  Mstor^;^  of  nitrogen  fixation  covers  al- 
most a  century  of  failures.  In  the  year  of  18- 
30  L, Thompson  wrote  a  paper  on  the  manufactuEe 
of  Prussian  blue  from  the  nitrogen  of  the  air. 
He  used  two  parts  of  potash,  tivo  of  pearlash, 
one  of  iroK  turnings,  ground  the  mass  to  a 
coarse  powder  and  heated  it  in  iron  rots  to  a 
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Introduction, 

red  heat,  Berzeliua,  Bunsen  and  other  chemists 
who  repeated  Thompsons  experiment  failed  to 
get  his  results, Th?y  knew  that  iron  was  not 
necessary  to  the  reaction, left  it  out  and  said 
that  Thompson  had  not  fixed  nitrogen  but  ad- 
mitted it  could  be  done  that  way.  The  iron   ; 
turnings  acted  as  a  catalytic  agent  and  Thorap- 
son  should  be  given  the  credit  for  the  first 
Gommercial  fixation  of  nitrogen.  In  1843  Newton 
took  out  patents  on  this  process, He  produc-^d  i 
ton  of  potassium  cyanide  every  24  hours.  Newton 
failed  to  mix  iron  with  his  charges, used  ref- 
fractory  retorts  and  therefore  found  it  neo«- 
BsaTy   to  raise  the  temperature  to  a  white 
heat  disintegrating  the  retorts  with  the  super 
heated  alkali.  The  process  failed  completely 
and  resulted  in  a  great  loss  of  money, In  I88I 
Victor  Aldsr  of  Vienna  took  out  patents  on  the 
Continei;t  for  the  manufacture  of  cyanides  by 
heating  carbonates  to  redness  with  finely  di- 
vided iron  but  stated  that  iron  was  not  es- 
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sential  to  the  reaction. In  his  second  series 
of  patents  he  stated  that  Oo-rhon  monoxide  or 
some  metal  that  would  carry  carbon  must  he 
present. All  attemps  for  sucessful  manufacture 
under  these  patents  proved  failures, Jn  1897 
Castner  tried  cyanide  manufacture  in  the 
United  States  with  unprofitable  results. 
Whether  fixation  can  be  carried  on  this  way 
is  still  a  question. The  nhemical  Enj^ineers 
seemed  to  have  abandoned  this  line  and  with 
the  large  installation  of  hydro-electric  plants 
all  developements  have  proceeded  along  elec- 
trical methods.  A  500,000  horse-power  plant 
has  recently  been  built  on  the  Tennessee  River 
for  fixation  processes.  The  fixataon  processes 
used  commercially  may  be  placed  under  five  de- 
stict  lines  of  developament, 
I. The  production  of  cyanides  by  using  alkali 
metals  or  carbonates  in  the  presence  of  iron. 
The  sodium  reaction  is 
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2  Na-H   C^f   B^-  2  l^iaCN  +   43,000   oal. 

The  carbonate  reaction  is 

NaC03+  ^^  +  ^-Z"  2HaCN  +  3C0  -  136,^00  cal. 

II,  The  formation  of  nitric  acid  frorr.  the  atmos- 
phere by  the  electric  arc.  Air  is  heated  to  the 
temperature  at  which  nitrogen  combines  with 
ox^rgen  to  form  nitric  oxide.  The  reaction  will 
be  given  in  the  article  on  the  chemistry  of 

the  process. 

III.  Methods  of  heating  metallic  oxides  in  an 
electric  furnace  to  form  cyanamids  or  nitrides 
as  CaClI;^  CaH,  AlN,and  MgN.The  magnesiim  ni- 
tride method  may  be  used  in  connection  with  the 
soda  ^-orks  producing  ammonia  as  a  by  product. 
It  requires  electric  current  but  would  recover 
allthe  waste  sodium  chloride  and  utiliiie  all 
the  unused  nitrogen. The  reactions  are 

MgClj,=:  lig   +  Clg 
3%  4  IT  =  Mg^.^^ 

IAg^N^4    (^HH^Cl    -    3MgCLj4    SITKg 
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IV,  Processes  producing  ammonia  directly  from 
nitrogen  and  hydrogen.  This  method  must  "be  con- 
trolled with  a  silent  disoheirge  under  pressure 
and  has  had  very  little  sucess  comrnarcially, 

V,  Production  of  KO  by  causing  a  high  tempter- 
ature  Toy  means  of  an  explosion  or  using  cata- 
lytic agents.  The  method  is  essentially  that 
employed  "by  Bunsen  to  form  water  and  was  first 
used  hy  Hansen  'vith  coka  oven  gases  -vhich  he 
exploded  in  a  bomh  calorimeter  to  produce  NO. 

As  to  the  merits  of  each  method  it  is  suf- 
ficient to  say  that  the  cyanamid  plant  at 
Niagra  manufactured  many  times  more  tlian  all 
the  other  processes  in  this  country  in  19 18, 


OlDject  of  The  V/ork. 

In  my  oollege  course  I  had  the  honor  and 
pleasure  of  assisting  Prof .MoGorrnack,  in  a 
minor  way,  in  his  work  of  seijerating  nitrogen 
from  the  atmosphere  and  fixing  that  gas  hy 
electrical  methods. ^6  per  cent  nitrogen  was 
manufactured, passed  into  an  electric  furnace 
under  pressure  and  calcium  cyanamid  produced 
on  a  commercial  scale.  The  product  obtained 
was  lower  in  nitrogen  than  that  made  from 
calcium  carbide  and  had  limited  uses.  The 
object  is  to  extend  this  work  to  the  investi- 
gation of  the  formation  of  aluminium  nitride. 
The  nitrogen  content  should  be  higher  than 
that  of  the  (SjmJiaraid.Only  meager  information 
is  available  or;  this  subject.  It  is  desired 
to  establish  the  correct  temperature,  the 
length  of  time,  the  proper  proportion  of  re- 
agents and  catalysts  needed  and  the  effect 
of  various  composition  of  gases  on  th~  fortoa- 
tion  of  aluminium  nitride.   From  these  data 
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Object  of  The  Work. 

a  conanercia.!  process  can  "be  worked  out  which 
in  all  pro^babilitYjas  vill  T;e  sho--n  laxer, 
will  "be  the  most  suitable  and  cheapest  method 
for  the  fixation  of  nitrogen. 


Chemistry  Of  The  Process, 

In  considering  the  nitrogen  molecule  it  is 
well  to  note  its  similarity  to  thj.t  or"  aarhon 
Each  has  two  or  T:ore  atoms  united  ■'^'ith  a  hond 
representing  an  enormoi^s  amount  o-^  energy.  Ni- 
trogen also  •''orms  ring  cha,ined  bodies  many  of 
which  have  isomers  and  are  orticitll^A.  ictive. 
The  se«ming  great  bond  "between  the  atoms  them- 
selves c.uses  them  to  unite  to  form  the  inert 
molecular  nitrogen  of  the  atm.osphere. 

In  the  equation 

%^  Qj_-  21^0  -  43,000  cal.  ---I. 
heat  is  ahsorhed  the  reaction  heing  endother- 
mic  vvaiie  in  the  equation 

2N0  f  Gj,=-2lI03^f  2.7,000  oal.  --2. 
is  also  an  oxidation  hut  is  exothermi'^.  Reac- 
tion I.  sho^vs  that  the  nitrogen  atom  has  a 
tend^incy  to  comhine  with  its  self  ivi.th  the 
liberation  of  energy.  Compounds  like  NO  whic"'-' 
absorb  heat  on  ''ormation  from  its  elements  and 
give  up  heat  on  decom.position  -^re  unstable* 
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Chemistry  Of  The  Process. 

In  reaction  2.  heat  is  given  out.  This  shovs 
that, after  comhining  with  other  el eirsents,  t^e 
seeming  gre^^t  hond  between  the  atoms  having 
been  broken, the  nitrogen  molecule  will  readi- 
ly unite  with  other  substances  to  Perm  stable 
compounds.  There:^ore  in  all  fixation  p^'ocesses 
with  solid  materials  some  Cri,talytic  agent,  as 
finely  divided  iron,  or  an  oxide  must  be  used. 
The  oxide  has  no  influence  on  the  final  re- 
action but  causes  a  larger  yeild  of  the  pro- 
duct desired.  It: was  found  that  using  only  the 
materials  of  the  reaction 

Al^C^^  ?C  +  H^=:2A1N -♦-  3C0 __3 

That  no  appreaciable  amounts  o^  aluminum  nit- 
ride was  formed.  Therefore  the  exact  amount  o:^ 
iron  oxide  necessary  is  an  important  factor. 
Mr.  Wilber  found  this  ratio  to  be  i   to  I  ^  of 
the  amount  of  alur.inium  oxide  present. 

The  velocity  of  the  reaction  was  worked  out 
by  Prof.  McCormack  at  diff-rent  temperatures 
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Chemistry  Of  The  Process. 

and  was  found  to  be  almost  instaneous  "between 
1700  and  1800.  All  results  show  that  the  re- 
act icn  raust  Toe  suhject  to  accurate  temperature 
measurraants, the  partial  pret^sures  r^ust  "he  con- 
trolled and  definite  zones  of  reaction  raajn- 
tained.  Now  thare  are  thr-3e  suhstanceF.  in  the 
solid  state,  t'A-3  ir.  the  gaseous  in  equation  ?>. 
The  partial  pressures  of  the  solids  will  "be 
their  sublimation  pressure^^whi.^h  are  i^r-icti- 
cally-zero.  "^Ve  ha-"-e  only  to  deal  with  the  ni- 
trogen and  the  carhcn  monoxide.  The  partial 
pressures  of  the  gases  are  lowered  "by  mixing 
and  can  be  controlled  \)y   alloxving  the  CO  to 
pass  out  the  system  "burning  at  the  back  of  the 
furnace.  Without  a  constant  agitat-on  of  ma- 
terials or  removing  the  CO,  equilibrium  would 
be  croduced  by  the  solid  forming  a  coating  of 
compound  or  by  the  pressure  of  the  gas  generat- 
ed. The  reversibility  o'^  reaction  3.demonstrat- 
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ed  by  ProfJOiox  in    'ils   -vork  on   f TXcitici..    He 
5ho-v3d   t'vxt    -hni   the   flO   was  aho^e   a   o-^rtrciiL 
fXiQOunt    ,    th.3    reaction   took     plaoi?   in   the   or- 
po3itt5    '.iireooion.Folloiving   the   p-eoautions 
givsii    roov5,w3   should   obtain  a  manafiu-!  curad 
product   a/.iragin;-;  .^tlo.vot    7^of-   nitrogen. 
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Description  Of  A  Fixation  Process. 

A  method  was  worked  in  ^he  industrial  la"bora- 
tory  of  the  Armour  Institute  of  Technologj/-  for 
s.sperating  nitrogen  from  the  atraospherf^  Toy  a 
direct  combustion  of  ox;^''gen  and  dissolving  out 
the  carbon  dioxide  by  lime  leaving  96  per 
cent  nitrogen. 

The  corabustion  was  carried  on  in  a  large 
brick  chamber  by  burning  crude  petroleum  with 
super  heated  steam  by  means  of  an  oil  burner. 
(See  Plate  I,AI&  Ili,0)Pg.s  I#  &  18. After  com- 
buTtion.the  gas  contained  only  2  par  cent  oxy- 
ger.Exiessive  hec<,t  is  developed  in  the  corabus- 
tion chambers  and  could  be  utalized  by  boilers 
properly  installed  so  as  not  to  interfere  with 
the  primary  aim  of  the  operation.  (Plate  IJlCScD) 

A  roaster  could  also  be  added  to  the  furnace 

be 
for  dryin^r  the  ore  and  alumina  to  used  in 

fixation. (  SeePlate  III  B). If the  oil  proved 
too  expensive  coeil  dust  with  a  nechanical  sto- 
ker could  be  substituted:  iri  this  furnace.  The 
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De33.(:iption  Of  A  Fixation  Process, 

gas  is  drawn  Y..y   a  fan  fi-ora  the  furnace  to  a 
washer,  that  contains  nan3'-  shelves  over  which 
trickle  thin  sprays  of  water,  (  S.ae  E,PlateI) 
The  water  from  the  gag  washers  could  Toe  used 
for  "boiler  feed  thereby  sawing  much  heat.  The 
gas  passes  from  the  washers  thru  a  suction  fan 
that  is  regulated  to  give  the  proper  amount  of 
air  to  the  coraToustion  chamber.  (Fee  C  Plate  I.) 
The  fan  C  drives  the  gas  to  the  drier  D,    con- 
taining many  sliding  shelves, easily  removed, of 
caustic  lime  where  the  carbon  dioxide  is  dis- 
solved out  to  less  than  tv;o  per  cent,  (See  D, 
Platel. )  The  gas  is  sent  to  the  electric  fur- 
nace or  collected  until  required,  Th^  design- 
ers of  this  method  believe  it  to  be  th'^  cheap- 
est commercial  process  as  it  will  give  96  to 
98  %   nitrogen.  The  Claude,  .Toul  or  Thompson 
methods  for  rseperation  of  gases  by  liqu;=fa.c- 
tion  m<iy  be  used.  These, how(?ver,  require  a  large 
plant, a  big  equipment  of  expensive  machinery 
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Description  Of  A  rixation  Process. 

and  consujne  'ohe  t-ccal  enev'^y   input. ou^  (i,ive  a 
purer  gas  that  will  make  a  i"ii;&l  fixed  ':od;/- 
with  -a  larger  percentage  of  nitrcgen. 

The  fixationis  made  in  the  resistence  fur- 
nace  -ohai:  will  give  from  1500  to  1300  degrees. 
The  iLaterials  were  put  in  a  :Tar1:cn  boat  in 
the  furnace  and  rure  nitrogen  and  then  oth^r 
gases  passed  over  them.T^.is  method  ga.V3  y^ilds 
with  low  resul-^p. A  method  of  revolving  tlie 
charge  was  then  devised  to  gi'/e  I;3tt3r  results 
A  design  of  an  electric  furnace  to  continously 
produce  aluminium  nitride  is  s'-iovn  on  Plat?  It. 
A  method  for  preheating  the  charge  wit?i  the  00 
es 3c: ping  frcn  the  furnace  shculd  loe  worked 
OTii't  and  attached  to  tho  system. 

Only  a  very  low  i:ric  3d  pltUit  uBing  '^ew  atten- 
dants can  h^  operated  to  ma.nfijture  nitrogen 
compounds  and  mar?<et  them  at  the  same  price 
as  those  made  from  Chile  nitre  and  'b;;'-  produTt 
ammonia. 


Q:  i^  ^ 
y  i?  ^ 
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Data  and  Results. 

Charge  I.  total  -.veight   —    —  I,Onc  gnis. 

"      earbon  --     --   --  400   « 

"      Bauxite  --     --    --  600   " 

/^  Ciiarge    I.    Alg^Oj    -             --        _-  ^2,7-4      > 

Je^O-z    -             12.00      " 

Si   0^    -             --         —  5.SC      " 

Car"bou  &  ir.oistur-    -  40.00      " 

Ruri   I    (a), Using  pure   nitro^an   on  cliarge    I. 

jST   iu   :ri::ed  body  a.varage   oi-   4   heats    14.50     fc 

Run   I.(b)Air  preheated  on   charg-?  J. 

IT  fixed  ci.-.'-erage   of   two   h^^ats    --  1,15  7.: 

Run   II.  (Claarge    two  v.-as  made   en   the  "basis    of 

Kr  Hl'il'ber's    results.) 

charge  II,  total  weight  --    --  1,000  gm3. 

"         Charge  I    --    --  8!^ 

Carbon   —        --        --  366        " 

Al^Og      --        --        --  551        " 

fc   Chci-rge   II  Ai^Og 53.r-)0     ,< 

Fe^O^ 1. 00     f 

Si    ©2 .40      " 

Carbon   ---        —        --  40.00      •' 
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Data  and  Results. 

Ratio  of  Fo^O^to  Al^O^  "5^1^"   ^•'^^  /° 
Run  II  (a)  Cii^i.r^e    II  pure  nitrogen 
17  fix:id  uYarage  of  t-^vo  heats   --    20.32  ^ 
Run  I J  ("b)  producer  gas  on  Charge  II 

^   fixed   --    -.  •  .„    12.50  fc 
(c)  Plant  gas  (96^  Ji,2<  d^Z^  0^) 
H  fixed   —   --   --   1-7,50  fo 
Charge  III.  Xooul  weight   -    --     100  Gras; 
"         C^^'-L'g<5  I      --    _-       5   " 


n 


Al^O^   -    --     -     58 


It 


Garuon   --   --   --  37   " 

fc  Charg-    III   Al^O^      - 60.00  f. 

Fe^O^      --        --         --  .60    " 

Si   O2      --         --        --  .04    " 

Carbon     -          --      --  39,00      " 

Puitio   of   763.03  to   ALiOj-^  r:  I.CC     ^■^ 
HunOlApure   IT.    Chc^rgo    III. 

/^  3J  fixed  average   of  2  hett^  17.40  X 
"      (b)    Plant   gas    on  Charge    III. 

N  fixed  12.50  c^ 


/■ 
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Data  and  Results. 

Run  III  Producer  on  c^^'g^  II ^ 

H  fixed    - 6,00  f 

Those  r:33ult3  were  obtained  "by  placing  tha 
oharge  in  a  carloon  looat.It  was  deciiel  that  i\ 
coating  was  form-id  on  top  of  the  charge  kaei?- 
ing  the  lo'.ver  part  from  tha  nitrogen.  Amethod 
was  devised  for  rotating  the  carl:;on  tube  contain- 
ing the  charge. 

Air  as  a  gucossful  agent  in  these'  exj^eriments 
wasahandoned  after  many  trials.  Pure  nitrogen 
giv-es  the  most  satisfactory  results,  plant  gas 
gives  fairly/-  good  products  anaif  made  cheaper 
tlian  pure  nitrogen  could  he  used  advantageous- 
ly. The  producer  gas  used  contained  20  to  ^0  /t 
CO,  2-2-  to  A%   CC^.IOf^  O.and  57  to  ''O,^'  IT.  The 
data  show  lov;  precentages  with  this  gas.Vith 
large  amounts  of  CO  and  Ox^^gen  however  ix  j  c- 
ciiytic  action  can  ta?K:-5  |:>lace,In  practice  14  to 
lti>fc   nitrogen  is  obtained  by  using  pro;luc3r  gas, 
With  pure  nitrogen  and  tha  proi^ir  handling  of 
the  ch-arge  a  fixed  body  containing  20  Zq   3C  ^ 
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Data   ii.nl  Results. 

Gould  Toe  made.    The    exr^eriT.ent^   of  Tucr  and 
Read  shovi   that   v>/hen   select.^d  portions    of   the 
nitri.le    ars    taken  much  "--igher   results   are   oh- 
tained. (Se3  Biu.    ref.l) 
Suinraary : 

Charge,  12,^  :PeCj^l^  gas,W  fixed  ----I3.5tc    lef- 

;|    PI. gas    "  jlf. 

"  "  ,      Air        "  I.Sjf 

Charge,!    to   2;.'  S'e.O.N  gas        l<l  fixed    I''.  5   to   20f> 
n  «  "      PI.     "  "       "  I2.5;^t 

n  n  "       p^Q^     „  n        n  6..  0/" 

Special    charge    in  a   rotating   tuhe, dust   from 

aluminium  smelter, • 
"  1  fo  Fe   0,"^  gas,    1^  fixed      -- 
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Eoonoiiiijs  of  I'^nufaoture, 

If  the  xiitro.^en  fixation  is  made  To;/"  turning 
>3oal  or  petroleiim  or  forom  i^roduoer  gas  and 
the  sensible  hgat  developed  used  to  preheat 
the  nitrogen  and  to  give  heat  to  make  power 
for  the  plant, then  the  electri?  Tpower  would 
probably  be  10  Kw.  Hrs.  i^er  kilogram  of  nitro- 
gen manufactured. Using  current  on  'ihe  off  peak 
leads  of  the  electric  plant  or  virorking  the 
furnace  at  nights  vvould  reduce  the  rjost  o'^ 
power  to  \^   p ir  Kw.  Hr»The  pow-r  will  require 
2-^/  for  evary  pound  of  nitrogen  made.  The  price 
of  nitrogen  is  quoted  from  the  market  list  on 
on  Chili  nitrate, atpresent  selling  for  f^4.07-^ 
per  h-undred  pounds  and  con-gaining  15^^  nitrogen, 
The  i^rice  of  nitrogen  therefore  would  be  from 
13  to  IS/  per  pound. The  other  factors  in/ol^red 
in  production  besides  electric  power  are  mate- 
rials and  labor. A  fixation  plant  must  own  its 
coal  mines,  lime  and  phosphate  rock  deposits 
and  be  located  near  xhem  as  the  principal  raanw- 
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Eoonomics  of  Manufuo cure, 

faotured  artiole  would  be  ^ertalizer,^75.000- 
000  worth  having  "been   sold  east  of  the  Missis- 
sippi River  in  I9IS,iVllo7-;ing  7^;^  for  labor  and 
transportation  to  the  factory,  a  margin  of  3 
to  by:   a  pound  is  left  for  profits  ana  interest 
in  a  fixation  plant  making  aluriiinium  nitriis. 
The  nitrogon  oan  be  extraoted  b^r  water  under 
pressure  and  is  libsrated  as  ammonia.  A  good 
selling  fertalizer  must  contain  nitrates  phos- 
phates and  potassium  salts.  The  Chemirjal  En- 
gineer Vol.21  S'xys  tliat  Potassium  salts  can  be 
made  from  sea  weeds  in  the  West  Indies  for 
$dQDO   per  ton. 

A  500,000  aorse-pow^r  plant  for  nitrogen  fix- 
ation has  been  located  on  the  Tennessee  River 
in  the  heart  of  the  limestone,  coal  and  phos- 
phate rock  region,  -nhere  i3  no  reason  why  a 
plant  =30  favorably  located  could  not  manufac- 
ture nitrogen  products  that  ccrlcl  compete  with 
th3  prevailing  prices  from  other  sources. 
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Cyanarnid  process  60%   sffioiency  in  oarbida  if 


Comparison  With  Other  Methods. 

L.L.  Sumrasrs  E.E.  gives  the  follov/ing  costs: 
Direct  oxidizing  of  atmospheric  nitrogen  bf 
effienoj/'  yield  at  550  KG.  per  Kw.  year  re- 
quires per  Kg.    —    --    —    --  65,00  Kw.  Hr. 

L/.o 

loss  in  hea-ter  to  combine  n'ith  N  requir  33  per 
Kg.ofll  --    --    --    --    --    -  16.6.  Kw.  ilr. 

Cataly-^.ic  methods  for  oomhining  IT  and  H  to  form 
ammonia  requires  per  Kg. of  N  --   -  1.5  Kw.  Hr, 
and  also  preparation  of  the  gases, ref±ig"-ration 
and  compression  to  200  atnospheres. 
A1_N  using  sensihl^  heat  ""rom  nitrog-jn  manufac- 
ture to  raise  the  products  to  the  t^rapirature 
of  reaction  r<2fiuires  per  Kg,  of  IT  -10,0  Kw,  Hr. 
More  nitrogen  is  produced  h^/-  the  cya,namid  pro** 
0  333  than  all  the  others  at  preseiit.  The  -n-^r,^ 
duct  containes  I'^  f   nitrogen.  The  nitride  method 
as  shovv-n  ^vill  give  a  '"ixed  ■bodywith  a  larger 
per  cent  nitrogen  at  a  l0'«^'^r  cost  ^cr  power. 
The  po\"er  and  yrreparation  coBt^  of  the  other 
methods  leave  no  comparisons  to  he  made. 
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Comparison  With  Other  Methods. 

In  conolu3ion  from  the  summary'  and  compari- 
sons it  may  hs  said  that  the  aluminium  nitride 
pro 3333  can  fixate  cheaper  and  give  a  T^roduct 
with  a  larger  ppr  cent  nitrogen  tlian  3,n2r 
other  method  of  to-day. 
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Appendix. 

To  Prof.  McCormack  I  extend  my  sincere 
thanks  for  what9V-)r  merit  there  may  Id-;'  in  this 
work  and  for  his  untiring  patience  in  aiding  me. 
To  the  rest  of  the  f,=::vGulty  I  am  de 'pl;r  grate- 
ful ''or  the  knowlege  that  lifts  me  ahove  the 
ordinarv  mind. 
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